(appearing in 80%), inks (62%), adhesives (51%) and others (65%), being detected in 70% of the total products analyzed.
This popularity of toluene was followed by xylenes [predominantly m-(66%) and p-isomer (61%)] in the case of paints, isopropyl alcohol (35%) in inks, and n-hexane (27%) and methyl ethyl ketone (23%) in adhesives, while benzene was not detected in any samples analyzed nor even in the gasoline-containing products.
The concentrations of each solvent component in the vapor phases varied depending on the products, following a log-normal distribution.
When the relative exposure risk of each of eight leading solvents of various chemical structures was calculated as the geometric mean concentration multiplied by the frequency of detection, n-hexane in adhesives was highest in the risk ranking while toluene and xylenes in paints scored much less because of low volatility.
INTRODUCTION
The survey of solvent components in commercial solvent-containing products is expected to offer one of the basic information requested for the protection of health of workers in workshops where organic solvents are used. This is also the case when heterogeneous solvent products containing nonvolatile components (such as paints, inks and adhesives) are considered. Information is, however, extremely scarce for paints and inks1-3), and the solvent constituents of adhesives were reported only occasionally in relation to the etiology of polyneuropathy4,5).
In conducting a nationwide mass survey on heterogeneous products, it became self-evident that the gas chromatographic (GC) analysis for organic solvent components of these products is disturbed by the existence of nonvolatile constituents and that the direct injection of such sample into a GC apparatus is not recommendable. It was further considered impractical to distillate numerous heterogeneous products in obtaining liquid solvent fractions; distillation temperature should be variable depending on the solvent components and decomposition of nonvolatile fraction often takes place especially when plastics-containing adhesives are heated.
In the present study, head space technique was applied for GC analysis of solvent components in heterogeneous materials6), to avoid troublesome process of distillation so that a large number of paints, inks, adhesives and other heterogeneous products will be analyzed for volatile constituents even if semiquantitatively. The results will be presented in this report to show the present situation of the use of various organic solvents in heterogeneous nonvolatile fraction-containing products.
The cases of homogeneous solvent products like thinners will be described in a twin paper7) which will be published elsewhere. 
RESULTS

Sensitivity of the method employed
Trials were made to compare the sensitivity of the vapor phase analysis with W hen the vapor phase of the sample was subjected to GC, it was found that no peak could be detected with some products (e.g., water paint). Some other samples gave multiple peaks, suggesting that the organic phase was probably gasoline with multiple component. In practice, when more than 10 peaks appeared in one chromatogram, the solute was considered to be gasoline. Such case was most frequently encountered with paints (15% of the samples collected) followed by adhesives (10% ). It should be noted that no benzene was detected in any of gasoline-containing products. This positive exclusion was achieved by successive or simultaneous analysis of the suspicious product and the sample containing authentic benzene for precise comparison of the retention time. A few organic solvent components in some products could not be identified with any of the authentic chemicals tested. As a result, about 80% of the heterogeneous porducts collected was found analyzable for organic solvent components (Table 4) .
Number of peaks per product Table 5 summarizes the numbers of peaks observed per product together with those identified. The distribution pattern of the numbers of peaks per product is not clear, and normal distribution is provisionally considered so that the mathematical means and SDs are given in Table 5 . The large coefficient of variation, however, might suggest poor fittness of the distribution.
It is apparent that most products (more than 80%) contain more than one kind of organic solvent, i.e., the solvent of these porducts is a mixture of solvents and not of a single component.
When paints, inks and adhesives are compared, paints embrace most multiple solvents having about 6 peaks per product, followed by adhesives 
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(about 4) and inks (about 3) in the decreasing order. It was not always possible to identify all the peaks observed; there used to remain one unidentifiable peak per product. It should be stated, however, that efforts were concentrated to identify major peaks (i.e., peaks with larger peak areas) first and that those unidentified were minor components with peak areas of less than one-tenth to one-handredth when compared with major ones.
Solvent components in various products
The solvents identified as the components of organic phase of the heterogeneous products totaled 46, and are classified depending on the chemical structures in Table 6 , in which the frequencies are shown together with the vapor phase concentrations observed. A preliminary analysis with 364 toluene concentrations observed revealed that the concentrations distribute log-normally. Accordingly, the observed concentration of each solvent is expressed as a geometrical mean in ppm and a gometrical standard deviation (dimensionless). Toluene is the most commonly used solvent; the frequency was highest in paints (i.e., 80%) but almost equally high in other kinds of products with a grand mean of 70% . Three isomers of xylenes are also widely used, espicially in paints; the common use of p-xylene should be noted in addition to popular m-isomer. They were detected usually in combination with toluene, and ethylbenzene was present only together with toluene/xylenes. The use of styrene was not expected but it was present in paints and adhesives. Reversely, benzene was not found in any products.
Among the well known hepatotoxins, carbon tetrachloride, 1,1,2-trichloroethane and 1,1,2,2-tetrachloroethane were not detected and chloroform was present only in one case of the adhesive. The use of trichlorothylene, tetrachloroethylene and 1,1,1-trichloroethane appear to be very limited among the products other than degreasers.
Of alcohols, only methanol and isopropyl alcohol are frequently detected, while ethyl acetate and methyl ethyl ketone are exclusively utilized among esters and ketones, respectively. Application of ethers (including glycol derivatives), alicyclic compounds and other miscellaneous compounds are not popular except for n-hexane in adhesives.
The only one case in which carbon disulfide was detected was the production material collected from a rayon factory, a site wellknown for the use of this solvent.
In paints, the most popular solvents are toluene (80% ) and xylenes (61-66% ), even though their vapor phase concentrations are rather low and not higher than 10,000 ppm. Their high frequencies are followed by two ketones, methyl ethyl ketone (26% ) and methyl isobutyl ketone (26% ) with rather high vapor concentration for the former. The next frequent is methanol (17% ); while it is not met very frequently, its high vapor concentration should be taken into account in relation to the insidious toxicity to the optic system.
The most popular organic components in inks are toluene (62% ), two alcohols of methanol (25% ) and isopropyl alcohol (35% ), and methyl ethyl ketone (21 % ). Application of xylenes in inks are much less (4 to 13% ) than in paints. Adhesives contain toluene (51 % ), n-hexane (27% ) and methyl ethyl ketone (23% ). Attention should be paid to the high vapor concentration of n-hexane in relation to the causative role in peripheral neuropathy.
No trial was made to define typical solvent components of other miscellaneous products because they consist of turbid degreasers, production materials, hardners, and other various ones.
It is yet possible to point out that toluene is the most popular solvent even in the products of this poorly defined category. In order to obtain a typical composition of paints, ink and adhesives, one most popular solvent was selected from each of the eight categories of chemical structure in Table 6 (xylenes were selected from the aromatics in addition to toluene, while ethers, glycol derivatives and alicyclic compounds were represented by one solvent). The frequencies of the eight solvents, i.e., toluene, xylenes (the average of the three isomers), dichloromethane, isopropyl alcohol, ethyl acetate, methyl ethyl ketone, tetrahydrofuran and n-hexane are shown in the form of an octangle in Fig. 1 . It is apparent that paints contain toluene and xylenes much more frequently than inks and adhesives, while isopropyl alcohol is more often observed in inks than in other two. The high popularity of n-hexane in adhesives in addition to toluene (but not xylenes) should not be ignored. The frequencies were further multiplied by the observed mean concentrations in the vapor phase to obtain an index for exposure risk via inhalation, and the results are shown in an octangular form in Fig. 2 . The exposure risk of utilizing adhesives is now characterized by the three highly volatile solvents, primarily n-hexane followed by dichloromethane and methyl ethyl ketone. Paints appear to be less dangerous for handling because the risks due to the two major components, toluene and xylenes, are brought down by the low volatilities.
Regarding the analytical procedures employed, it is true that the results from vapor phase analysis does not reflect the proportion of the components in the liquid phase17). It is however also true that, without by passing the troublesome procedure of distillation, it should be very difficult to carry out massive analyses of a large number of heterogeneous solvent products, and that, by vapor phase analysis, the most volatile (and therefore dangerous) fractions in the product can be detected at least semiquantitatively as the causative agents of inhalaion-induced occupational poisoning. It is no use to state the importance of estimation of the liquid composition.
The difficulties are associated with the fact that the vapor pressure of the organic solvent in question is readily modified by the existenct of other solvent(s) in the liquid phase, especially when the physico-chemical characteristics of the two are different from each other17,18). Now that the typical composition of paints, inks and adhesives are identified, further theoretical and experimental trials are currently in progress in our laboratories to develop a system so that the liquid phase composition be estimated based on the results from the vapor phase analysis. 
